The microwave ground state spectra o f m ethylphosphine-borane-(n B) and m ethylphosphinetrideuteroborane-(''B) have been measured by microwave Fourier transform spectroscopy and analysed for n B-nuclear quadrupole hyperfine splittings and CH 3 and BH3 torsion fine structure. As high J transitions were measured a centrifugal distortion analysis was necessary. The B -P bond order is discussed.
I. Introduction
This paper presents an investigation of the rota tional spectrum of m ethylphosphine-borane-(n B), CH 3PH 2BH3, and m ethylphosphine-trideuteroborane-("B ), CH 3PH 2BD3, in the torsional and vibra tional ground state.
Some tim e ago Bryan and Kuczkowski [1] deter mined the rotational constants, the dipole moment and the /ystructure o f m ethylphosphine-borane. The barriers hindering internal rotation of the methyl and borane group were subsequently deter mined from the rotational transitions of the first excited torsional states of the methyl and borane group by Durig et al. [2] , since the barriers were too high to resolve splittings in the ground state. We reinvestigated the spectrum of CH 3PH 2BH3 with the higher resolution of microwave Fourier transform (MWFT) spectroscopy to resolve the C H 3 and BH3 torsion fine structure and the boron-hfs in the ground state.
Additionally, we investigated the spectrum of CH 3PH 2BD3 in the ground state to assign the methyl torsion splittings, because the moment of inertia of the BD3 group is too high to provide re solvable BD3 torsion splittings and therefore the spectrum simplifies to the spectrum o f a molecule with effectively one top and boron-hfs.
II. Experimental
CH3PH2BH3 was prepared according to [1] by the reaction of methylphosphine, C H 3P H 2, with diborane, B2H6, and CH 3PH 2BD 3 by the reaction of CH 3PH 2 with perdeuterodiborane, B2D 6, respec tively.
The M W FT m easurements were m ade at Kiel with a spectrometer described in [3, 4, 5] .
The spectra of CH 3PH 2BD 3 were recorded in the range of 8 to 18 GHz and the spectra of C H 3PH 2BH3 in the range of 8 to 26 GHz, respectively. Sample pressures were around 0.2 m Torr and the cell tem perature was around -60 °C.
The measurements at the University of Michigan were made with a conventional spectrom eter with Stark effect m odulation in the range of 18 to 40 GHz to assign the low J transitions.
III. Spectra
The frequencies and their assignments are listed in Table la and lb for CH 3PH 2BD3 and CH 3PH 2BH3, respectively. The lines measured with a conven tional Stark spectrometer are indicated in these tables by " S". Because of the better resolution of a MWFT spectrometer the lines measured by Stark spectroscopy are only used for a first determ ination of the rotational and fourth order centrifugal con stants to prepare the high resolution measurements due to boron-hfs and torsional splitting. For the fine structure analyses these m easurements are not used. Figure 1 gives an example of the M W FT record ings. The measurements o f narrow split multiplets were refined by a contour analysis [6] .
The assignment was checked by the consistency of the analysis of centrifugal distortion, hfs and tor sional fine structure. The three perturbation effects were calculated separately. The calculated spectra were refined by an iterative procedure to fit the measured ones.
The "B-hfs was analysed by first order perturba tion theory to give the nuclear quadrupole coupling constants (program HT1NQ and DH14KS). The deviations from the rigid rotor lines were added to the observed frequencies vobs of the hfs-components. The hypothetical hfs-unsplit line vhfs unsp]it was then calculated as a mean value. We proved that no line within the range of our spectrom eter is sensitive enough to the off diagonal element yah of the quadrupole coupling tensor. The results for the hfs-analyses are given in Table 2 a and 2 b for CH 3P H 2BD3 and C H 3PH 2BH3, respectively. The standard deviations of the Fits are 6 kHz for C H 3PH 2BD3 and 9 kHz for C H 3P H 2BH3 for a mean splitting of 88 kHz.
The frequencies vhfsiUnsp|it were used to analyse the torsional fine structure by the internal axis method (IAM) in a two top approxim ation by a program written by Woods [7, 8] and m odified by W. Kasten (program AC3IAM).
The following Ham iltonian is used: 
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where HR is the rotational Hamiltonian, F t is the reduced internal rotational constant of the /th top, p'% l is the angular momentum operator for the internal rotation of the /th top, is the threefold expansion coefficient of the potential barrier in the internal rotation angle a/ of the /th top, is the moment of inertia of the /th top, // is the internal rotation axis of the /th top. I g are the components of the inertia tensor, and g = a,b,c are the principal axes.
For C H 3PH2BH3 the Fourier coefficients w, s(/) the reduced barrier, the angles £ (a, ij) and the moments of inertia 1$ of the methyl and borane group could be fitted.
For CH 3PH2BD3 the internal rotation parameters of the BD3 group had to be assumed, because no BD3 torsional splittings could be resolved.
A single top approxim ation for C H 3PH 2BD3 was not used, because structural param eters of the BD3 top modify the reduced internal rotational constant Fi of the CH3 top, see (2) . Table 2 The results for the torsional analyses are given in Table 3 
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The results for the centrifugal distortion analyses are given in Table 4 Because it is not possible to assign the ground state splittings measured in this work with the values given in [2] and since it is possible to assign the torsional fine structure o f the first excited states given in [2] with the internal rotation constants determined in this work, we believe our assignment is correct. The difference between the values o f yxx and yyy is consistent with the proposal that the classical a dative bond can be supplemented by dn -pn bond ing involving the phosphorus d orbitals and the borane group. This "back donation" description was suggested some time ago by Graham and Stone [15] to account for the unexpected stability o f BFl3 adducts with very weak bases.
Next we interpret the quadrupole coupling con stants in terms o f the bond order following Townes and D ailey [16] and Gordy [17] . For details see [18] .
The following equation is used: It is interesting, that the bond order to hydrogen in the symmetry plane is lower than to hydrogen out o f the symmetry plane (nH s < nH ). This is consistent with the result that the bond distance r ( B -H a) =  1.229 A is shorter than r ( B -H s) = 1.234 A [ 1] .
A further comparison shows that the B -P bond order in m ethylphosphine-borane np = 0.54 is lower than in trifluorophospine-borane: np = 0.51 pre viously determined [23] . This is in agreement with the result, that the B-P bond length in trifluorophosphine-borane r ( B -P ) = Therefore a p n -djt bond to phosphorus is possible. This is in agreement with the "back-donation" and "hyperconjugation" description by Graham and Stone [15] .
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